Lipid droplets in adipocytes serve as the principal longterm energy storage depot of animals. There is increasing recognition that lipid droplets are not merely a static neutral lipid storage site, but in fact dynamic and multifunctional organelles. Structurally, lipid droplet consists of a neutral lipid core surrounded by a phospholipid monolayer and proteins embedded in or bound to the phospholipid layer. Proteins on the surface of lipid droplets are crucial to droplet structure and dynamics. To understand the lipid droplet-associated proteome of primary adipocyte with a large central lipid droplet, lipid droplets of white adipose tissue from C57BL/6 mice were isolated. And the proteins were extracted and analyzed by liquid chromatography coupled with tandem mass spectrometry. A total of 193 proteins including 73 previously unreported proteins were identified. Furthermore, the isotope-coded affinity tags (ICAT) was used to compare the difference of lipid droplet-associated proteomes between the normal lean and the high-fat diet-induced obese C57BL/6 mice. Of 23 proteins quantified by ICAT analysis, 3 proteins were upregulated and 4 proteins were down-regulated in the lipid droplets of adipose tissue from the obese mice. Importantly, two structural proteins of lipid droplets, perilipin A and vimentin, were greatly reduced in the lipid droplets of the adipose tissue from the obese mice, implicating reduced protein machinery for lipid droplet stability.
Introduction
Obesity is increasing in an epidemic manner worldwide and constitutes a public health problem by enhancing the risk for many physiological disorders, including type 2 diabetes mellitus, dyslipidemia, cardiovascular disease, hypertension, and stroke, and certain forms of cancer [1] . In general, obesity is characterized by the excessive accumulation of triacylglycerol (TAG) in adipose tissue, especially in white adipose tissue (WAT). WAT plays a crucial role in maintaining energy homeostasis. When the body is in the fed state, WAT stores excess energy as TAG in large lipid droplets. When energy is required in the fasting state, WAT hydrolyzes the stored TAG to generate free fatty acids and glycerol, and releases them into the circulation as energy sources for other tissues.
Adipocyte is the major cell type in adipose tissue and is specialized for the storage of TAG in lipid droplets, which contain a neutral lipid core surrounded by a phospholipid monolayer [2] . Proteins can bind on the surface of droplets or extend long helical hairpins into the lipid core [2] . These proteins enable lipid droplets to skate along the cytoskeleton, interact with other cellular organelles, and traffic important molecules [3] . Many diseases, such as atherosclerosis, obesity, and metabolic syndrome, involve the defective or excessive accumulation of lipid droplets [4] .
Proteomic analysis is a useful approach to understand the pathogenesis of obesity. It has been used to analyze adipocyte secretome, protein profiles of adipose tissue from different models, and protein dynamics during adipocyte differentiation [5] . As a dynamic multi-functional organelle in lipid trafficking and metabolism, lipid droplet has attracted more special interest in proteomic studies. Two studies reported the proteomic analysis of lipid droplets from cultured 3T3-L1 adipocytes [6, 7] . The study by Brasaemle et al. [7] compared the proteomes of lipid droplets from basal adipocytes with those from lipolytically stimulated adipocytes. Totally, 28 proteins were identified in the lipid droplet fraction of the basal adipocyte and 39 proteins were identified in the fraction of stimulated adipocytes. In another study, the lipid droplets from 3T3-L1 were analyzed to explore the proteins involved in lipid droplet biogenesis [6] . In addition to the proteins identified in the previous study, several new proteins were found, including Prp19p. Recently, the analysis of lipid droplets of caveolin-deficient adipocyte was reported [8] . A total of 11 proteins were absent in the lipid droplets of caveolin-deficient adipocytes, suggesting the function of caveolin in lipid droplets dynamics.
In the present study, we isolated lipid droplets of abdomen white adipocytes from C57BL/6 mice, and identified the lipid droplet-associated proteins through liquid chromatography coupled with tandem mass spectrometry (LC-MS/MC) analysis. A total of 193 proteins including 73 previously unreported proteins were identified and categorized into nine groups: PAT family, lipid metabolism, membrane traffic, cytoskeleton, chaperone, endoplasmic reticulum (ER), mitochondria, cell signal, and miscellaneous. Furthermore, we fed mice with high-fat diet to induce obesity, and the isotope-coded affinity tags (ICAT) technology was used to compare the lipid droplet proteins of normal and obese mice. The results showed that 23 proteins with at least two quantitative peptides were quantified by ICAT and LC-MS/MS. Four proteins, including perilipin and vimentin, two structural proteins of lipid droplets, were found down-regulated in the lipid droplets of adipose tissue from obese mice. The reduction of lipid droplets-associated perilipin and vimentin in adipose tissue of obese mice suggested less protein to separate and stabilize the lipid droplets, which in turn have increased tendency to merge.
Materials and Methods
Antibodies Anti-calnexin, anti-caveolin-2, anti-insulin receptor b, and anti-vimentin antibodies were purchased from Santa Cruz Biotechnology (Santa Cruz, USA); anti-perilipin A and anti-rab11 were from Sigma-Aldrich (St Louis, USA); anti-COX IV and anti-GM130 were from Molecular Probes (Eugene, USA); anti-fatty acid synthase was from Cell Signaling Technology (Danvers, USA); and anti-c-crk-2 was from Transduction Laboratories (San Diego, USA).
Animals and diet
All animal experiments were carried out in accordance with the National Institutes of Health Guide for the Care and Use of Laboratory Animals (Bethesda, USA) and were approved by the Biological Research Ethics Committee of Shanghai Institutes for Biological Sciences (Shanghai, China). Female C57BL/6 mice were housed at 22 + 28C, 55% + 5% relative humidity, on a 12-h light/dark cycle, with food and water ad libitum. After acclimatization with the facility for 1 week, mice at 6 weeks of age were randomly assigned into two groups (n ¼ 12 per group), and fed either a high-fat diet or a standard chow diet for up to 24 weeks. On caloric basis, the high-fat diet consisted of 47% fat from lard, 37% carbohydrate, and 16% protein (total 19.1 kJ/g), whereas the normal diet contained 12.2% fat, 62% carbohydrate, and 25.8% protein (total 14.2 kJ/g). Body weight was measured once a week. At 30 weeks, mice were sacrificed after 12 h of food deprivation and blood samples were collected with 10 IU/ml heparin. Plasma was prepared by centrifugation of blood at 1000 g for 20 min at 48C and stored at 2808C until analysis. Immediately after blood collection, periovarian WATs were removed and weighed for isolation of primary adipocytes.
Plasma glucose and lipid were measured by standard enzymatic and colorimetric methods, using kits from Molecular Probes (Eugene, USA) and Wako Chemicals (Irvine, USA), respectively. Plasma insulin was determined by enzymelinked immunosorbent assay (ALPCO Diagnostics, Salem, USA).
Preparation of adipocytes from mouse WATs
Adipocytes were prepared from perigonadal fat pads by collagenase digestion as described previously [9] . Briefly, WATs from mouse were cut into small pieces, and then incubated (1 g tissue/ml medium) in KRBH buffer (Krebs Ringer bicarbonate-HEPES buffer; 120 mM NaCl, 4 mM KH 2 PO 4 , 1 mM MgSO 4 , 1 mM CaCl 2 , 10 mM NaHCO 3 , and 27 mM HEPES, pH7.4) containing 4% bovine serum albumin (BSA) and 0.5 mg/ml of collagenase type I (Worthington Biochemical, Lakewood, USA) for 60 min at 378C. The suspension of cells was centrifuged for 2 min at 400 g. The fat cells floated to the surface, and the sediment stromal -vascular cells (including fibroblasts, leukocytes, macrophages, and preadipocytes) were removed by aspiration. Dissociated adipocytes were filtered through nylon mesh (BD Falcon; BD, Franklin Lakes, USA) and then rinsed four times with KRBH-BSA buffer.
Isolation of lipid droplet
Isolated adipocytes were washed twice with KRBH buffer and twice with TNE buffer (20 mM Tris-HCl, pH 8.0, 130 mM NaCl, and 5 mM EDTA). The cells were then resuspended in TNE buffer containing complete protease inhibitor mixture and disrupted in a homogenizer on ice. Lipid droplets were isolated as described previously with some modifications [7, 10] . The cell lysate was adjusted to 0.43 M sucrose in TNE buffer. The post-nuclear supernatant (PNS) fraction was obtained by centrifugation at 1000 g for 10 min. The supernatant was loaded into a SW41 13-ml ultracentrifuge tube, and overlaid sequentially with 0.27 M sucrose/TNE, 0.135 M sucrose/TNE and TNE, respectively. After centrifugation at 150,000 g for 60 min, the lipid droplets concentrated in a white band at the top of the gradient, and 8 fractions of 1.5 ml each were collected from top to bottom: the buoyant lipid droplets (Nos. 1 and 2), the mid-zone (Nos. 3 and 4), the cytosol (Nos. [5] [6] [7] [8] , and the microsomal pellet. The lipid droplet sample was centrifuged at 20,000 g for 10 min, and the underlying solution was carefully removed. Then droplets were gently resuspended in 0.73 M sucrose/TNE containing 100 mM sodium carbonate, pH 11.5, and were layered into centrifuge tubes containing 1-ml cushions of 1.75 M sucrose and then overlaid with 100 mM sodium carbonate, pH 11.5, and TNE. Tubes were centrifuged at 150,000 g for 30 min in a SW41 rotor. Floating lipid droplets were harvested and washed three times with TNE buffer. Then the lipid droplet fractions were delipidated as described previously [7] , and proteins were solubilized in denaturing buffer (8 M urea, 4% CHAPS, and 100 mM Tris-HCl, pH 8.3).
For sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) analysis, the proteins were precipitated with 12.5% trichloroacetic acid and solubilized in Laemmli SDS buffer with 20 mM dithiothreitol. The proteins were revealed by silver staining. For western blot analysis, proteins were subjected to SDS-PAGE and then transferred to an Immobilon-P membrane (Millipore, Billerica, USA). After blocking with 5% non-fat dried milk in Tween-20/Tris-buffered saline (25 mM Tris-HCl, pH 7.5, 150 mM NaCl, 0.05% Tween-20, and 0.001% merthiolate) for 2 h at room temperature, membranes are incubated with primary antibody for 2 h, followed by horseradish peroxidase-conjugated secondary antibody for 45 min. The target proteins were visualized by enhanced chemiluminescence.
Protein in-solution digestion and LC-MS/MS analysis
One hundred micrograms of the lipid droplet proteins were dissolved in 100 ml reducing buffer (8 M urea, 4% CHAPS, and 100 mM Tris-HCl, pH 8.3 and 10 mM dithiothreitol). After incubation at 378C for 2 h, 2.5 ml of 1 M iodoacetamide was added to the protein solution and incubated in the dark for additional 30 min at room temperature. The sample was then buffer-exchanged to 100 mM ammonium bicarbonate, pH 8.5 and digested with trypsin (1/50 amount of the protein) at 378C overnight. A total of 100 mg proteins were used for shotgun mass spectrometry analysis.
The LC-MS/MS analysis was performed as described previously with some modifications [11] . Chromatography was performed using a Surveyor LC system (Thermo, San Jose, USA) on a C18 reversed-phase column (RP, 150 mm Â 100 mm, C18, 5 mm, 300 Å ; Column Technology, Fremont, USA). The pump flow rate was split 1:100 for a column flow rate in the range of 1.5 ml/min. The column effluent was directly electrosprayed without further splitting. Mobile phase A was 0.1% formic acid in water, and B was 0.1% formic acid in ACN. The trypticdigested peptides were separated with a 180-min gradient as follows: 20 min of 100% buffer A, a 130-min gradient from 0% to 100% buffer B, a 1-min gradient from 0% to 100% buffer A, and 29 min of 100% buffer A. The effluent from the RP column was analyzed using an LTQ ion trap mass spectrometer (Thermo) equipped with a nanoelectrospray ion source. Nanoelectrospray ionization was performed at a spray voltage of 3.0 kV and a heated capillary temperature of 1608C. The mass spectrometer was set up so that one full MS scan was followed by 10 MS/MS scans for the 10 most abundant precursor ions detected in the MS spectrum, with the following Dynamic Exclusion TM settings: repeat count, 2; repeat duration, 0.5 min; and exclusion duration, 2 min.
Cleavable ICAT analysis
Cleavable ICAT analysis was performed using Cleavable ICAT TM reagent kit (Applied Biosystems, Foster City, USA) according to the manufacturer's guidelines with some modifications [11, 12] . For cICAT analysis, 100 mg of the lipid droplet protein from normal or obese mouse adipocytes in 80 ml of denaturing buffer (8 M urea, 4% CHAPS, and 100 mM Tris-HCl, pH 8.3) was reduced at 378C for 2 h with 5 mM tributylphosphine (Bio-Rad, Hercules, USA) and alkylated at 378C for 2 h in the dark with cICAT-light or cICAT-heavy reagent, respectively. After reaction, cICAT-light and cICAT-heavy reactants were mixed together and exchanged into 100 mM ammonium bicarbonate, pH 8.5, with ultrafiltration through 3-kDa Microcon centrifugal filter devices (Millipore). The buffer-exchanged sample was digested with 4 mg of trypsin (50:1) at 378C for 20 h. The ICAT-labeled peptides were purified using the kit of ICAT TM avidin buffer pack and avidin affinity cartridge (Applied Biosystems) according to the manufacturer's guidelines. Then the ICAT labeled peptides were dried by vacuum centrifuge and resolubilized in 0.1% formic acid for LC-MS/MS analysis [12] .
Protein identification and cleavable ICAT data analysis
The acquired MS/MS spectra were searched against the mouse International Protein Index protein sequence database (Version 3.07, 43,300 protein sequences; European Bioinformatics Institute, http://www.ebi.ac.uk/IPI/) using the TurboSEQUEST program in the BioWorks 3.2 cluster software suite. A 'decoy database' was prepared by reversing the sequence of each entry and appending this database to the forward database. SEQUEST was used with average mass for the precursor ions and monoisotopic mass for the fragment ions, a precursor mass tolerance of 3.0 Da, and a fragment mass tolerance of 1.0 Da. The enzyme cleavage specificity was set to trypsin and no more than two missed cleavages were allowed and only fully tryptic peptides were accepted in database searching results. For shotgun analysis, fixed modification was set for cysteine with an addition of 57.02146 Da to represent cysteine carboxyamidation, and variable modification was set for methionine with an addition of 15.99492 Da to represent methionine oxidation. While for ICAT data analysis, ICAT-labeled cysteine (þ227.2613 Da) was set as fixed modification, and oxidized methionine (þ15.99492 Da) and cysteine (þ9.0 Da) were searched as variable modifications. All output results were filtered and combined together using in-house-generated software (BuildSummary) to process the redundant data [11, 13] . The peptides identified were filtered by precursor ion m/z 10 ppm and DCn ! 0.1, and the false positive rate was controlled at 1%. If the identified peptide sequences of one protein were equal to or contained another protein's peptide set, the two proteins were grouped together and reported as one 'Protein group', and a single protein with the highest sequence coverage was selected from one protein group for further analysis. For ICAT analysis, the peptides without cysteine or cysteinecontaining peptides that could not be assigned to single protein group were discarded. Only those cysteinecontaining peptides that can be identified to single protein group were sent to RelEx software as candidates for getting the ratio of light-peptide/heavy-peptide. For each cysteinecontaining peptide exceeding the previous criteria, ion chromatograms were extracted from the Xcaliber data file for the m/z range surrounding the 12 C 9 -cICAT-labeled and 13 C 9 -cICAT-labeled peptide isotope distributions by Extract-chro program in RelEx software (Version 0.92). The RelEx parameters for chromatogram filters were set at: smooth point 7, minimum signal to noise ratio 3, the correlation coefficient ! 0.7 at ratio about 1 and !0.4 at ratio about 10. The proteins had to have at least two quantitative peptides after RelEx procession. After rigorous filtration, there were no singly charged peptides used in ICAT quantitation, and doubly charged peptides with Xcorr . 2.15 and DCn . 0.24 and triply charged peptides with Xcorr . 2.85 and DCn . 0.23 were used in ICAT quantitation. At the protein level, obviously contaminant proteins were manually deleted and only proteins with at least two different peptides were accepted.
Results
Isolation of lipid droplets from mouse primary white adipocytes Because of their low buoyant density, lipid droplets were purified from adipocytes by a sucrose-step gradient centrifugation [7, 14] . Lipid droplets were recovered from the very top of the gradient and washed repeatedly to remove potential contaminants. Twenty female C57BL/6 mice at 20 weeks of age were sacrificed and lipid droplets of WAT were isolated. Under a microscope, the isolated lipid droplets were spherical shape [ Fig. 1(A) ]. The lipid droplets were delipidated and proteins were extracted. Only 0.17% of adipocyte total proteins was purified as lipid droplet-associated proteins [ Fig. 1(B) ]. The silver-stained gel containing the post-nuclear supernatant (PNS), cytosol (Cyto), total membranes (TM) and purified lipid droplets (LD) showed that the lipid droplets had a unique protein profile distinct from the protein patterns found in the other fractions [ Fig. 1(C) ]. The purity of the isolated lipid droplets was evaluated by immunoblot for marker proteins [ Fig. 1(D) ]. Perilipin, the lipid droplet protein, was only detected in the isolated lipid droplets, whereas proteins specific for cytoplasm (c-crk-2), plasma membrane (insulin receptor b-subunit), Golgi (GM130), and mitochondria (COX IV) were not detected in lipid droplets. As previously reported [6, 10, 14] , ER proteins calnexin and recycling endosome protein Rab11 were detected in our lipid droplet preparation [ Fig. 1(D) ]. This is consistent with the previous reports that lipid droplet biogenesis is occurred at the surface of ER [3, 15] .
Identification of proteins associated with lipid droplets by LC-MS/MS
The proteins extracted from the isolated lipid droplets were trypsinized and analyzed by LC-MS/MS. To enhance the validity of the data, only proteins with at least two unique peptides were accepted. The results of the identification were summarized in Table 1 . The proteomics survey identified a total of 193 proteins. Among these proteins, 120 proteins have been identified previously, thus validating the accuracy of the purification and proteomic techniques. These identified proteins were categorized into nine groups based on their function or localization ( Table 1) : PAT family, lipid metabolism, membrane traffic, cytoskeleton, chaperone, ER, mitochondria, cell signal, and miscellaneous.
PAT family proteins, named after perilipin, adipophilin, and tail-interacting protein of 47 kDa (TIP47), are major structural proteins on the surface of lipid droplets in vertebrates [16] . Two of the PAT family members, perilipin and S3-12, were identified in our lipid droplets fraction. As shown in Table 1 , proteins of lipid metabolism, membrane trafficking, ER, mitochondria, chaperones, and cytoskeleton comprised the majority of the total identified proteins. This is in agreement with the role of the lipid droplets as a neutral lipid storage and metabolic compartment.
Proteins already reported to be present in various intracellular organelles (ER and mitochondria) were identified in the proteome. This is consistent with previous reports that lipid droplets are frequently seen attached to ER and mitochondria [3] . Enzymes catalyzing the last step of TAG and steryl ester synthesis reside in the ER membrane. The close physical association of lipid droplets and mitochondria is necessary for the import of fatty acids into mitochondria for b-oxidation. The hydrophobic nature of the neutral lipid core of lipid droplets implies that proteins embedded and/or attached to lipid droplets are generally hydrophobic in nature, or at a minimum have one or more hydrophobic domains [17] . Chaperones found in lipid droplets proteome may facilitate protein attachment with lipid droplets.
The mobilization of lipid either to the lipid droplets or away from lipid droplets involves membrane trafficking and cytoskeleton system. The proteins in membrane trafficking (caveolins, flotillins, annexins, cavin-1, Rab family of small GTPases, and Eps15 homology (EH) domain-containing proteins) and cytoskeleton organization (actin, tubulin, vimentin, cytokeratin, dynein, myosin, and spectrin) represented a large number of identified proteins ( Table 1) . These proteins are involved in dynamic activities of lipid droplets, including droplets fusion, lipid transport, protein recruitment, and droplets structural integrity [18] .
Many of the identified proteins were previously reported (listed in Table 1 with references). However, over 70 proteins were not reported before (listed in Table 1 without references). These newly identified proteins provided more leads to the understanding of physiological functions of lipid droplets.
Quantitative analysis of adipocyte lipid droplet proteomes from normal and high-fat diet-induced obese mice In obesity, not only is the lipid droplet in adipocytes enlarged, but the lipid stored in the lipid droplets is also under-used. In order to understand the difference between the lipid droplets of adipocyte from normal lean animal and obese animal, C57BL/6 mice were fed with high-fat diet to induce obese state. As shown in Table 2 , the high-fat diet-induced mice were over-weight, hyperlipidemic, hyperglycemic, and hyperinsulinemic, reflecting an insulin-resistant metabolic state that resembles the human metabolic syndrome [19] . These mice also contained significantly high amount of periovarian WAT ( Table 2) . Thus, the lipid droplets of the periovarian WAT from obese and lean mice were obtained and the proteins were extracted from the isolated lipid droplets. As shown in Fig. 2(A) , very similar protein composition patterns were observed in SDS-PAGE for these two protein samples.
To identify any difference between the lipid droplet-associated proteins from normal and obese mice, the ICAT method was used to analyze the proteins by the mass-spectrometer. The cysteine-containing labeled peptides were identified by LC-MS/MS and processed by RelEx Program. After rigorous criteria filtration, a total of 23 proteins with at least two quantitative peptides were quantified ( Table 3) . Using a change of 1.5-fold as cut-off, most of the quantified lipid droplet-associated proteins (16/ 23, 69.57%) had no change. Three proteins were found to be up-regulated and four proteins were down-regulated in lipid droplets of adipose tissue from obese mice ( Table 3) .
Importantly, two structural proteins of lipid droplets, perilipin A and vimentin, were greatly reduced in the lipid droplets of the adipose tissue from the obese mice (Table 3) . To verify the accuracy of the proteomic techniques, these two proteins plus caveolin 2, which was up-regulated, and fatty acid synthase, which has no-change, were analyzed by western blot analysis. As shown in Fig. 2(B) , immunoblot analysis revealed the same pattern of change for these four proteins as determined by ICAT-MS. Galectin-1 IPI00271440 Gamma-synuclein
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Our results indicated that in obese mice the lipid droplets had decreased association of perilipin A and vimentin, although the protein level of these two proteins in adipocyte was not changed [ Fig. 2(B) ].
Discussion
Lipid droplets are the lipid storage organelles of all organisms. In white adipocyte, a large unilocular lipid droplet is important as it allows storage of a maximum amount of TAG in the smallest possible volume [20] . Due to its large size, the unilocular lipid droplet occupies a majority of the cell volume in adipocytes. Thus, the understanding of the proteins and lipids in lipid droplets is important for us to understand the function and regulation of adipose tissue. Although several proteomic analyses of the adipocyte lipid droplet-associated proteins have been studied on differentiated 3T3-L1 cells, a cell line used in biological research on adipose tissue [21] , the protein profile of lipid The proteins extracted from isolated lipid droplets were trypsinized and analyzed by LC-MS/MS. To enhance the validity of the data, only proteins with at least two unique peptides were accepted. droplet from primary white adipocytes has not been comprehensively characterized. Compared with the mature primary white adipocyte from adipose tissue, 3T3-L1 adipocyte lacks the unilocular lipid droplets and has a reduced leptin expression and several other differences [22] . Thus, identification and characterization of lipid droplet-associated proteins in primary adipocytes of adipose tissue should be more close to the physiological state in vivo.
In this study, we identified a total of 193 proteins in the isolated lipid droplets from mouse adipose tissue by mass spectrometer analysis. Among these proteins, 73 proteins are newly found in lipid droplet fraction ( Table 1) . The application of proteomic analyses to lipid droplets within the last decade have revealed a great deal about the proteins associated with lipid droplets in a variety of mammals, insects, and fungi. Over 300 mammalian proteins have been identified across a number of proteomic analyses of enriched lipid droplets [17, 23] . Although the overall protein compositions are similar, variations between the lipid droplet proteomes seem to depend on cell type and metabolic state.
In obesity, the enlarged size of adipocyte in adipose tissue is mostly contributed by the enlargement of its unilocular lipid droplet. The increased lipid storage in fully developed adipocytes is the most important hypertrophic effect. The lipid in the enlarged adipocyte exhibits decreased hormonal stimulated lipolysis, which may contribute to insulin resistance and metabolic syndrome. After a 24-week high-fat diet, C57BL/6 mice exhibited an obese state similar to human obese-induced metabolic syndrome ( Table 2 ). The lipid droplet-associated proteins found to be reduced in lipid droplets of obese mice adipose tissue are two lipid droplet structural proteins, perilipin and vimentin [ Fig. 2(B) and Table 3 ]. Perilipin, expressed mainly in adipocytes and stereogenic cells, was initially identified as the major adipocyte protein phosphorylated in response to activation of protein kinase A [24] . The central hydrophobic sequences are required to target and anchor perilipin to lipid droplets [25] . Perilipin has a central and dualistic role in the turnover of lipid droplets. The phosphorylation of perilipin A is important for translocation of lipolysis enzymes, such as hormone-sensitive lipase and adipose triglyceride lipase, to the lipid droplet in which they catalyze triglyceride lipolysis [16, 18] . In addition, it is observed that b-adrenergic stimulation does not result in lipolysis in perilipin A knockout mice [26] . Thus, the reduction of perilipin in lipid droplets from obese adipose tissue indicates a decreased hormonal stimulated turnover of lipid droplets, and then increases the static storage of lipid. Unlike small lipid droplets in non-adipocytes showing long-distance directional movements along the microtubule driven by motors, the large lipid droplets in adipocytes are unable to move a long distance in the cell, and they are associated with intermediate filaments rather than microtubules. Vimentin forms a cage of intermediate filaments around cytosolic lipid droplets [27] , and this interaction is mediated by the highly positively charged N-terminal domain [28] . In 3T3-L1 cells, expression of a dominantnegative vimentin reduces the formation of lipid droplets, suggesting that this protein is essential for lipid droplet assembly [29] . The association of vimentin cage with lipid droplets, especially the nascent small and mid-sized droplets, establishes barrier to protect the lipid droplets from premature fusion. The decreased association of vimentin to lipid droplets in adipose tissue of obese mice may reflect the vigorous lipid synthesis and lipid droplet fusion in the adipocytes. In addition, the nascent small lipid droplets in adipocyte are devoid of perilipin. Over the time, these small lipid droplets merge into a mature centrally located lipid droplets coated by perilipin [18] . The reduced perilipin in lipid droplets of obese mice should also increase the tendency for other lipid droplets to merge. Taken all together, we infer that the down-regulation of these two structural proteins, perilipin and vimentin, in lipid droplets in obese mice adipose tissue represents the reduced utilization of stored lipid and increased tendency for the lipid droplets to merge. These two events should associate with the static nature of the lipid in the adipose tissue of obesity.
